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国家都要有应对这种病毒的策略。 近本实验室鉴定出 3 株对多种来源的 H5N1





法进行结构模建，模型结构在 cvff 力场下进行能量 小化和分子动力学模拟的优
化，并通过能量、“拉曼强传图”检验、Profiles-3D 分析等理论验证，获得较为
合理的 3 株抗体 Fab 的三维空间结构。 
 
将 3 株单抗 Fab 分子依次与已有晶体结构的 3 个 H5 亚型 HA 分子（PDB 编
号是 1jsm、2ibx 和 2fk0）进行分子对接，利用分子对接结果分析 H5 亚型禽流感
的广谱中和表位和针对中和表位的药物设计的多肽参考物，其中综合单个 Fab
分子与 3 个 HA 分子的对接结果用于寻找该单抗识别的 HA 抗原表位，用于寻找
与抗原良好契合的多肽结构。 
 
综合分析分子对接的结果表明：（1）HA 蛋白的 Fab8H5 表位是由 9 个不连
续氨基酸残基组成的：（以 1jsm 氨基酸编号计）Asp68, Asn72,（Glu112, Lys113, Ile114）, 
Pro118, Ser120, Tyr137, Tyr252；（2）HA 蛋白的 10F7 表位也是由 9 个不连续的氨基
酸残基所组成：Asn72，（Glu112，Lys113，Ile114），（Ser120，Ser121），Arg145，Tyr164，
Tyr252；（3）HA 蛋白的 8G9 表位位于 Glu112 到 Ser120 之间的区域；（4）Fab8H5
































































The H5N1 avian influenza virus has widely spread in Asia, Europe and Africa, 
causing a large amount of economic loss. Moreover, the virus has infected human, 
resulting in lots of human died. With the spreading of the virus in birds, the 
human-by-human infection may become possible if the gene recombination and 
mutation occurs constantly. It is predicted that there will be more than 100 million 
human dead because of little or lack of immunity against the virus if the next 
pandemic breaks out by H5N1. WHO calls on each country to design the strategies 
for the prevention of the virus. Our research group have found three strains of broad 
neutral monoclonal antibodies, named 8H5, 8G9 and 10F7 respectively, all of which 
bind to various H5N1 virus strains well. These monoclonal antibodies are helpful in 
seeking the broad curative antibodies, developing the vaccine and designing the 
anti-virus drug against the high mutational H5N1 influenza virus. 
 
In this study, the structures of the three antibodies were modeled by the “canonical 
structure” method, and then the models were subjected to energy minimization in cvff 
force filed. A lot of verification test programs, such as energy analysis, Ramachandran 
plot and Profiles-3D were employed to make sure the structures were in good 
conformation.  
 
The three antibody models were subject to docking with three HA structures 
found in PDB (PDB ID: 1jsm, 2ibx and 2fk0). From the docking results, we analyzed 
the binding pattern between the antibodies and the HAs. The binding pattern between 
the individual antibody with the three HAs was used to search the broad neutral 
epitopes which the three antibodies binding to and the interacting polypeptides 
located in the antibodies which may be made use of the reference of the anti-virus 
drug. 
 
From the docking results analysis, we got the following conclusion: (1) The 
common epitopes of the three HAs against Fab8H5 were comprised as followings: 
(the residue in 1jsm) Asp68, Asn72, （Glu112, Lys113, Ile114）, Pro118, Ser120, Tyr137, Tyr252. 















（Ser120，Ser121）, Arg145, Tyr164，Tyr252. (3) The epitopes against Fab8G9 located in 
the region Glu112 to Ser120. (4) The polypeptide located in Fab8H5 which was 
Tyr50-Ser51-Ser52 -Asn53-Leu54-Ala55-Pro56, the polypeptide located in Fab8G9 which 
was Gly95-Ieu96 -Ala97-Thr98-Leu99-Met100-Val100a-Leu100b-Pro100c-Asp101-Tyr102, and 
the polypeptides located in Fab10F7 which were Ala26-Tyr27-Thr28-Phe29 
-Thr30-Ser31-Tyr32 and Gly95-Gly96-Thr97-Gly98-Asp99-Phe100-His100a-Tyr100b-Ala100c 
-Met100d-Asp101-Tyr102 may be used as the references for the anti-virus drugs. 
 
The results will provide the valuable information to the development of the broad 
vaccine and to the design of the curative drug against H5 influenza virus, and the 
important reference for the research in the mechanic of virus infection and 
neutralization. 
 
























aa: amino acid, 氨基酸 
AGP: Agar Gel Precipitin, 琼脂免疫扩散试验 
AI: Avian Influenza, 禽流感 
AIV: Avian Influenza Virus, 禽流感病毒 
CDR: Complementarity Determining Region, 抗原决定簇 
CH: Constant Region of Heavy Chain, 重链恒定区 
CL: Constant Region of Light Chain, 轻链恒定区 
CTL: Cytolytic T lymphocyte, 细胞毒性 T 淋巴细胞 
Da: Dalton, 道尔顿 
ELISA: Enzyme-Linked ImmunoSorbant Assay, 酶联免疫吸附测定 
HA: Hemagglutinin, 血凝素 
HI: Haemagglutination Inhibition Test, 血凝抑制实验 
IFA: Indirect immunofluorescent assay, 间接免疫荧光检测 
kD: kilo Daltons, 千道尔顿 
MAP: Multiple antigen peptide, 多抗原肽 
NA: Neurominidase, 神经氨酸酶 
NLS: Nuclear Location Signal, 核定位信号 
NP: Nucleocapsid, 核壳蛋白 
NS: Nonstructural, 非结构蛋白 
ORF: Open Reading Frame, 开放读码框架 
SAS: Solvent Accessible Surface, 溶剂可及化表面积 
WHO: World Health Organization, 世界卫生组织 
VH: Variable Region of Heavy Chain, 重链可变区 
VL: Variable Region of Light Chain, 轻链可变区 


















前  言 
H5N1 病毒引起的禽流感已经使全球各个地方都充满着恐慌。普遍情况下，
H5N1 只感染家禽，主要是鸡和鸭。然而，1997 年在香港首次发现了 H5N1 菌株
感染人类。从第一例 H5N1 感染人开始到 2007 年 6 月份，WHO 已经报道了 313
例人感染的例子，其中有 191 人死于这种病毒。随着 H5N1 病毒在禽类的连续性
爆发，通过基因重配或者基因突变，这种病毒有可能在人与人间传播。如果 H5N1
病毒成为下一次全球性爆发的病毒株，由于人没有或者几乎没有对这种病毒株的






































Fig.1-1 The structure of the influenza virus particle 












































Fig.1-2 The functional map of genes encode by influenza virus  































































环境下仍保持稳定，而人类流感病毒对酸不耐受[18, 21]。根据 AIV 表面 HA 和 NA
的不同可以分为:16 种 HA (H1- H16)和 9 种 NA(N1- N9)[22]。研究发现，NA 蛋白
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